In this study, the effects of the storage duration of coffee cherries after harvest before putting out for sun drying on the kinetics of drying, fungi development and the variation of physicochemical content were evaluated. The results showed that the longer coffee cherries were stored after harvest before putting out for sun drying, the quicker they dried. Indeed, the drying durations were 19, 16, 12, 10, 7 days respectively for coffee cherries put out for sun drying at the day of harvest, the second, the fourth, the sixth and the eighth day after harvest. However, this storage of the cherries after harvest before putting out for sun drying led to the increasing to the infection of cherries by fungi. Indeed, samples of more contaminated inside were those from the lots of cherries stored 8 days after harvest before putting out for sun drying with 55.55% of the samples infected with a percentage of infected beans between 10% and 50%, and 44.45% of the samples were infected with a percentage of infected beans between 50% and 100%. Furthermore, those put out for sun drying at the day of harvest were free inside by fungi. Among the fungi isolated, toxigenic species was found. However, no relationship between the frequencies of ochratoxin A producing strains isolated and the storage duration of the cherries after harvest before putting out for sun drying was noted. This storage of the cherries after harvest before putting out for sun drying also led to the acidification of the cherries (pH = 5.27 -3.6) and the degradation of their chlorogenic acids content (12.58% -10.30%) while for their caffeine content (2.53% -2.55%). No significant difference was observed about the storage duration of the cherries after harvest before putting out for sun drying.
Introduction
Coffee, as many vegetables, is subjected to contamination by microorganisms such as fungi before harvest and during post-harvest treatments [1, 2] . The frequency of occurrence of these fungi isolated from coffee cherries has been reported by several authors. Indeed, [3] reported that A. niger was the most common species found on coffee cherries (63%), while the percentage of infection by A. carbonarius and A. ochraceus was 6% and 31%, respectively. The results of [4] showed that A. carbonarius was frequently found (50%), while only 7% of A. ochraceus strains were isolated on coffee cherries. Some of these fungi species are capable of producing mycotoxins. The main mycotoxin found in coffee is Ochratoxin A [5] . It is produced by molds of the genera Penicillium in moderately cold regions and by the genera Aspergillus in tropical regions [6] . These molds capable of producing OTA have been isolated from coffee cherries in previous studies. Indeed the results of [3] showed that 3% of 549 A. niger isolates were able to produce OTA, while 77% of 54 A. carbonarius isolates and 75% of 269 A. ochraceusisolates produced this mycotoxin. Those obtained by [7] showed that 100% of A. carbonarius and A. ochraceus strains isolated were potential OTA producers. However, although A. niger was more isolated than A. carbonarius and A. ochraceus, only 2.4% to 3.8% of strains tested were capable of producing OTA. The natural occurrence of OTA in green coffee beans has been reported by several authors in concentrations from 0.2 to 360 µg•kg −1 [4] . This mycotoxin produced by these toxigenic fungi has been shown to exhibit nephrotoxic, immunosuppressive, teratogenic and carcinogenic properties [8] . The International Agency for Research on Cancer (IARC) has classified OTA as a possible human carcinogen (Group 2B) based on sufficient evidence for carcinogenicity in experimental animal studies and inadequate evidence in humans [9] . In order to avoid an impact of this mycotoxin on human health, a level of 3 µg•kg −1 green coffee was suggested by European Commission to European Union Member States [10] . If a maximum limit for OTA in coffee was to be established, it could affect international trade for producer countries. Therefore, solutions to avoid coffee cherries contamination by OTA must be found. For many years now, it has been clear that the most effective means to prevent contamination of crops by mycotoxins is to avoid growth of mycotoxigenic fungi [11] . Furthermore, this contamination of food fed by fungi leads to the degradation of the nutritional quality. Indeed, [12] has reported that fungi growth reduces all amino acids in diet, particularly lysine and arginine. Most of the times, farmers store coffee cherries for a moment after harvest before putting out for sun drying because of the insufficiency of drying areas. Thus, the present study was carried out to evaluate the effect of the storage of coffee cherries after harvest before putting out for sun drying on the kinetics of their drying, infection by fungi and the variation of the physicochemical components of these cherries in order to contribute to the identification of good post-harvest practices to prevent degradation of the quality of this product.
Material and Methods
The experimental design was: 1) Harvest of 5 lots of ripe coffee cherries of 60 kg each.
2) Beginning of the first lot of coffee cherries drying on the day of harvest, while for the 4 other lots, the drying was started respectively the second, the fourth, the sixth and the eighth day after harvest (Figure 1 ) on concrete of 3 m 2 .
(a) (b) 3) Mixing frequency of the 5 lots of coffee cherries was six a day. 4) Sampling: three samples of coffee cherries of 500 g each were taken from the beginning to the end of drying. 5) Study of the kinetics of drying. 6) Fungal isolation. 7) Test for Ochratoxin A production by isolated fungi. 8) Physicochemical analysis.
Material Coffee
In this study, ripe Robusta (Coffea canephora P.) coffee cherries from Ivory Coast were used. These coffee cherries were harvested by manual picking in the experimental farm of the National Agronomical Research Center of Divo (Ivory Coast).
Methods
The drying of coffee cherries was made on concrete of 3 m 2 which is the drying area most used in Ivory Coast. Coffee cherries were covered at night and if there was rain during the day in order to avoid rewetting. Three 
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samples of 500 g from each lot were taken every day during drying until the moisture content of coffee cherries reached between 11% and 12%.
Study of the Kinetic of Drying
The study of the kinetics of drying was carried out by determining the daily moisture content of coffee cherries put out for sun drying. The method used was that of [13] . Coffee cherries were dried in an incubator at 105˚C until constant weight. In practical terms, a sample of 200 g of coffee cherries was dried in the incubator at 105˚C for 48 h divided into two periods. First, the sample was dried in the incubator for 24 h and then put in a dessicator at room temperature for 1 h until it cooled. It was weighed and dried for a second time of 24 h. The humidity evaporated constituted the moisture content of coffee cherries.
Fungal Isolation
The research of the fungi on the surface of coffee cherries was done. For this research, 50 cherries were washed in sterile peptone water. The suspension obtained after washing was diluted by putting 1 mL of this suspension into a test tube that contained 9 mL sterile distilled water. A 0.1 mL aliquot of the spore suspension and subsequent dilutions were surface plated onto the medium (Sabouraud Chloramphenicol Agar) as quickly and carefully as possible. Petri dishes were incubated at 30˚C for 3 days after which any fungi detected were counted. The results were expressed in CFU/cherry. For the research of fungi in the beans, 50 cherries were washed in a solution of NaOH (1%) and then rinsed with water until the mucilaginous part disappeared. The parchment coffee was surface sterilized in 5% sodium hypochlorite for 1 min and washed three times with sterile distilled water. Parchment coffee sterilized was then plated onto the medium into the Petri dishes (10 per plate). Petri dishes were incubated at 30˚C for 7 days after which any fungi detected were counted. The results were expressed as the percentage of infected beans (% infection).
Fungal Identification
All the molds isolated were sub-cultured on CzapeckDox Agar and identification was performed according to the classification scheme of [14] and [15] .
Test for OTA Production by Isolated Fungi
The test for OTA production by isolated fungi was carried out by using the method of [16] . All the isolates identified as Aspergillus were grown on yeast extract 15% sucrose agar at 25˚C for 7 days. On each medium, three agar plugs were removed from different points of the colony and extracted with 1 mL methanol. The extracts were filtered and analyzed by high-pressure liquid chromatography (HPLC) with a fluorescence detector FL3000 (excitation wavelength 332 nm, emission wavelength 466 nm). The HPLC column was a C18 Sorbox SB-48 (5 μm, 4.6 × 150 mm) (Agitent, USA). A total of 80 mL of each sample was injected. The mobile phase consisted of acetonitrile/acetic acid 0.2% (41:59). The flow rate was 1 mL•min −1 . The retention time for the detection of OTA was around 16 min. Confirmation was made through derevitization of OTA in its methyl-ester [17] . The detection limit was 0.0003 µg•g −1 .
pH Determination
The pH was determined by a pH-meter E520 MetrohmHerisau after extraction of 10 g of finely grinded green coffee beans in boiled water. Three measurements of each sample were obtained.
Chlorogenic Acids and Caffeine Determination
In green coffee beans, caffeine was extracted from water solution by dichloromethane according to the procedures developed by [18] . After caffeine, chlorogenic acids were extracted from green coffee beans by following the method developed by [19] . A chromatography consists of Hewlett Packard with quarternary pump, auto sampler, Shimadz SPD 10A UV-Vis detector and C18 pre-column and 250 × 4.6 mm phenomenex Luna 18 (2) column with 5 µm pour size. These chlorogenic acids were analyzed according to the elution program described by [19] . For the two chemical components, three measurements of each sample were obtained.
Standard Solution Preparations
For the standard solutions preparation, a commercially bought CGA were dissolved in polar-solvent (ethanol). The solution was uniformly dissolved using magnetic stirrer, and absorbance measured immediately after stirring. Moreover to avoid from light interaction, it was stirred in dark room.
Statistical Analysis
The statistical analysis of data was done by Analysis of Variance (ANOVA) using 5% level of significance. The statistical package used is IBM SPSS Statistics version 20.
Results
The study of the kinetic of drying showed that the longer coffee cherries were stored after harvest before putting out for sun drying, the quicker they dried (Figure 2) . The drying duration was influenced significantly by the duraEffect of Robusta (Coffea canephora P.) Coffee Cherries Storage after Harvest before Putting Out for Sun Drying on Development of Toxigenic Fungi and the Variation of the Physicochemical Components
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tion of the storage of the cherries after harvest before sun drying (P < 0.05) ( Table 1) . Indeed, the moisture content of the cherries which was 62% was decreased to reach the values between 11% and 12% in 19, 16, 12, 10, 7 days respectively for coffee cherries put out for sun drying the day of harvest, the second, the fourth, the sixth and the eighth day after harvest. Furthermore, the longer coffee cherries were stored after harvest before putting out for sun drying, the more they were infected by fungi (Figure 3) . Indeed, all the samples from the lot of coffee cherries put out for sun drying the day of harvest were infected on surface by total molds count between 1000 and 10,000 CFU/cherry, while those more contaminated were cherries stored at least 6 days after harvest before sun drying with a total molds count above 100,000 CFU/cherry. The identification of fungi isolated on the surface of coffee cherries showed ( Other molds (0.6% -1.4%) and yeast (0.6% -9.4%) were also isolated. The identification of the toxigenic strains done by comparing the HPLC chromatograms obtained with these strains to that of the OTA standard (Figure 4) showed that among these fungi isolated, only A. niger, A. cabonarius, A. ochraceus were capable of producing OTA. However, although A. niger was the most species isolated, only 2% to 8.5% were OTA producers, while for A. cabonarius, A. ochraceus, all the strains isolated were OTA producers ( Table 3) . The fungi were also found inside the cherries. It was noted that the longer coffee cherries were stored after harvest before putting out for drying, the more these cherries were infected inside ( Figure 5) . Indeed, the cherries put out for sun drying the day of harvest were all free of fungi. For those stored 2 days after harvest before putting out for sun drying, 18% of the samples were infected with a percentage of infected beans less than 10%, while 82% were free of fungi. Samples from the lots of cherries stored at least 4 days after harvest before putting out for sun drying were all infected inside. Indeed, for the lot of cherries stored 4 days after harvest, 34.61% were infected with a percentage of infected beans less than 10%, while 65.39% were infected with a percentage of infected beans between 10% and 50%. For the lot of cherries stored 6 days after harvest, 73.36% and 23.64% of the samples were infected respectively with a percentage of infected beans between 10% and 50% and between 50% and 100%. The samples from the lot of cherries stored 8 days after harvest before putting out for sun drying could also be divided into 2 lots of samples. Indeed, 55.55% of the samples from this lot were infected with a percentage of infected beans between 10% and 50% while 44.45% were infected with a percentage of infected beans between 50% and 100%. The identification of fungi isolated inside the coffee cherries has also shown that the most common species found were A. niger (34.5% -55%). It was also noted that A. cabonarius (20% -25%),
A. ochraceus (4.1% -14.7%), A. fumigatus (4% -19.1%), A. flavus (3% -5.2%), and A. japonicus (3.5% -11.9%) were isolated. Other molds (1.1% -4.1%) and yeasts (2.3% -3%) were also isolated ( Table 4) . The test for OTA production by fungi isolated from the interior of coffee cherries also showed that only strains of A. niger, A. carbonarius and A. ochraceuswere capable of producing OTA ( Table 5 ).
All the strains of A. cabonarius and A. ochraceus isolated were potential OTA producers. However, although A. niger was more isolated than A. cabonarius and A. ochraceus, only 3% to 5.6% of strains tested were capaEffect of Robusta (Coffea canephora P.) Coffee Cherries Storage after Harvest before Putting Out for Sun Drying on Development of Toxigenic Fungi and the Variation of the Physicochemical Components
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ble of producing OTA. The evaluation of the physicochemical components showed an acidification (Table 6 ) of the cherries (pH = 5.27 -3.6) and the degradation of the chlorogenic acids content (12.58% -10.30%) with the increasing of the storage duration of the cherries before drying (Table 7) . However, for the caffeine content (2.53% -2.55%), no significant difference was observed (Table 8) whatever the storage duration of coffee cherries before putting out for sun drying (p > 0.05). Table 4 . Effect of coffee cherries storage after harvest before putting out for sun drying on the frequency of fungi species isolated inside of the coffee cherries.
Fungi species isolated (%)
Storage duration of the fresh cherries before sun drying (day)
Number of strains isolated
A 
Discussion
This study has confirmed the effect of post-harvest practices on coffee quality. The rapidity of drying observed when coffee cherries were stored for a long time after harvest before putting out for drying could be explained by the fact that fresh cherries with their high moisture content fermented during storage prior the beginning of the drying. This fermentation makes fragile the pericarp covering the cherry. The pericarp becomes more permeable. The permeability of the pericarp promotes rapid evaporation of the water contained in these cherries during drying. The team of [20] had also shown that the high moisture content favored the fermentation of coffee during storage. Other previous works including those of [21] [22] [23] , showed that prolongation of coffee cherries storage before drying led to their fermentation. This fermentation of the coffee cherries led also to the proliferation of fungi on the surface of the cherries. This could be explained by the fact that, during the fermentation of the cherries, the activity of the fungi increases. These results confirmed those obtained previously by [20] [21] [22] [23] . These fungi were also found inside the coffee cherries the longer these cherries were stored after harvest before putting out for sun drying. This could be explained by the fact that the fermentation of the cherries observed when the cherries were stored after harvest before the drying led to the degradation of the pericarp of these cherries promoting the infection of the beans. As the cherries put out for sun drying the day of harvest were inside free of fungi, the beginning of the drying must start the day of harvest to avoid coffee beans infection. The identification of the fungi isolated on the surface and inside the cherries showed that A. niger was the most common species isolated. These results confirmed those of [1, 3, 24] . Previous studies showed that A. niger is known to be widely distributed in the environment [25] . These authors had also shown that this species was more prevalent in warmer climates. This fact explained why it was more isolated on the surface and inside the coffee cherries harvested in the tropical region used in the present study. It was also noted that Aspergillus species were fungi more found on the surface and also inside the coffee cherries. This confirmed results of [26] .
The test for OTA production by isolated fungi showed that among the Aspergillus species isolated, only strains of A. niger, A. carbonarius and A. ochraceus were capable of producing this mycotoxin. All the strains of A. carbonarius and A. ochraceus were capable of producing OTA. However, although A. niger was the most common species found on the surface and also inside the coffee cherries, only occasional strains of this specie were potential OTA producers. These results confirmed those of [3, 27] .
It can be concluded that the presence of this species in coffee gives little indication of OTA contamination, while infection of coffee beans by A. carbonarius and A. ochraceus presents a risk of contamination by this mycotoxin.
It was also noted that the cherries more infected by fungi become acid. This acidification is due to the fermentation of the coffee cherries during their storage after harvest before putting out for sun drying. These results confirm those obtained by [28, 29] who showed that fermentation of coffee cherries led to their acidification. The degradation of the chlorogenic acids content of the cherries was also noted the longer these cherries were stored after harvest before putting out for sun drying. However, this storage of the coffee cherries after harvest before putting out for sun drying had no effect on the caffeine content of this product.
Conclusion
The present study has shown that the storage of coffee cherries after harvest before putting out for sun drying is most likely one of the main parameters contributing to infection of beans by fungi among which toxigenic species were found. However, no relationship between the frequencies of Ochratoxin A producing strains isolated and the storage duration of the cherries after harvest before putting out for sun drying was noted. This storage of the cherries before sun drying also led to their acidification. Thus, for the preservation of the hygienic and sensorial quality of this product, the drying of coffee cherries must start from the day of harvest.
